In Thermal Power Plant of Oroszlány (Hungary) huge amount of by-products were produced since 1961. In this survey coal and different by-products were examined (fly-ash, bottom-ash, fluidized bed bottom-ash, gypsum, slurry-type ash). The natural isotopes were determined using HPGe detector. It was found that the radionuclide content of coal was significantly lower ( In case of fractionized bottom ash the radionuclide content under 0.1 mm was 45% higher than above 1.6 mm and the massic radon exhalation under 0.1 mm was approximately four times higher than above this range.
INTRODUCTION
Certain industrial residues that are produced in large quantities offer an interesting option for reuse, and can be used as additives in the cement industry, such as fly ash, bottom ash, red mud, steel slag, nonferrous slag, etc.
As a result of energy production in coal fired power plants huge amount of by-products produce. In Thermal Power Plant of Oroszlány (Hungary) different techniques have been used since 1961 to burn browncoal with various qualities.
On the basis of previous studies it was found that several Hungarian coals have elevated natural radionuclide content (1) . The reuse of by-products is raising concerns among authorities, public and scientists. Nowadays more and more attention is given the survey and the limitation of the natural public exposure (2) (3) (4) (5) (6) . People spend most of their time in buildings and the material of the building may include radionuclides, therefore, the actual radiation exposure of people may be different from the measured value in outdoors. Purpose of the reduction and limited of exposure the materials must meet various radiological conditions (7) . In some cases components of the raw materials remaining in the by-product may cause human health and environmental risks.
In addition to the potentially toxic compounds risks from NORMs (Naturally Occurring Radioactive Materials) with elevated natural radionuclide content need to be evaluated. In case of NORMs the elevated radionuclide content can pose risk to residents.
To avoid elevated risk the screening of building materials and raw materials is necessary before building *Corresponding author: kt@almos.uni-pannon.hu in. The new Basic Safety Standard (7) (BSS) recommends a limit for gamma exposure according to the I-index.
The index value is calculated using the following formula: Due to the elevated radium concentration in NORMs the risk of increased radon exposure in case of build-in can be significantly high (8, 9) . The radon exhalation rate of building materials greatly depends on the internal structure conditions of the matrix. This fact provides a great opportunity for their modification and optimization (heat-treatment, production technologies and additives, etc.) to reduce the exhalation.
The radon exhalation -defined in NEN 5699:2001 EN Standard (10) -is the radon activity that diffuses per unit of time from a material to the air surrounding the material, in Bq s -1 . By dividing the radon exhalation rate by either the area of the exhaling surfaces or by the mass of the sample, the areic (radon flux Bq m -2 s -1 ) and massic radon exhalation rates (Bq kg -1 s -1 ) can be calculated. Of course the massic radon exhalation rate should depend on several factors, such as porosity and geometry (especially on the thickness) of the sample.
It is possible to ensure an extreme case when the thickness of the samples is very small against the diffusion length of radon. In that case only the sample characteristics ( 226 Ra content, emanation coefficient, and the amount of the sample) have influence on exhalation rate (11) . It means all the emanated radon can exhale from the matrix and the massic radon exhalation rate can be determined. Generally, the diffusion length in case of porous materials is higher than 40 cm (12, 13) (e.g. porous soil 40 cm, gypsum 110 cm, sand 200 cm). Owing to that fact, this assumption can be used if the sample thickness of porous material is less than 5 cm.
However, in OECD countries the average radon level is 39 Bq m -3 . Geogenic radon sources e.g. granite, shale rocks, as well as industrial by-products (bottom ash, coal ash), can significantly increase the indoor radon levels (14) . In view of the latest scientific data, WHO proposes a reference level of 100 Bq m -3 (the ERR, excess relative risk, of pulmonary cancer per 100 Bq m -3 increase in long-term radon concentration at 16%) to minimize health hazards due to indoor radon exposure (15, 16) .
Description of sampling site
The investigated materials come from the vicinity of Oroszlány. Initially, the coal-fired power plant was 4 x 50 MW, by the summer of 1990 it was reconstructed. The capacity of the power plant is 240 MW of electricity and further 84 MW of thermal power. Hungarian carbon stocks are depleted. The Hungarian brown coal contains many pollutants, by the burning generated many ash and sulphur dioxide. In this power plant there was energy shift, and fluidized bed combustion are used. The fuel for combustion is fed airflow loosened and suspended state, previously preheated at 600-700 °C, refractory granular bed, where the fuel ignites. The temperature of the bed increases, at 800-900 °C stabilize with heat removal. The combustion is perfect, with low excess air, the system is insensitive to the coal quality. Occurs during burning of coal coarse slag, which falls into the bottom of the boiler, and fine ash which leaving the boiler with the flue gas, and accumulates in a container of the dust.
MATERIALS AND METHODS

Sample preparation
In this survey coal and different deposited by-products were examined (fly-ash, bottom-ash, fluidized bed bottom-ash, gypsum, and slurry-type ash). The samples were dried in a drying oven for 24 hours to constant weight at 105 °C to remove moisture. The samples were homogenized, grinded and sieved under 0.63 mm. In case of bottom ash 5 kg was fractionized to survey the radionuclide distribution and massic radon exhalation rate in function of the grain size. 
Gamma spectrometry
Determination of radon exhalation
After gamma spectrometry the samples were enclosed in a glass accumulation chamber covered by a metal cap. The chambers were aerated with radon-free N2 gas prior to the accumulation to reduce the initial radon concentration to zero. Following the accumulation period, the chamber was connected to a closed loop system (Figure 1.) , wherein the radon increment was measured by a SARAD RTM2100 radon/thoron monitor. The accumulated radon concentration was obtained after the 60 minutes measurement period.
Calculation of massic exhalation rate and emanation factor
The massic radon exhalation rate can be calculated using the following formula (5) : 
RESULTS AND DISCUSSION
Gamma spectrometry
The 226 Ra, 232 Th, 40 K contents and I-index of the samples (fly-ash, bottom-ash, fractionised bottom-ash, fluidized bed bottom-ash, gypsum, and slurry-type ash) can be seen in Table 1 . The gypsum originated from the desulphurization process had very low natural radionuclide content ( 226 Ra = 22 ± 3 Bq kg -1 , 232 Th = <LD, 40 K = 13 ± 3 Bq kg -1 ). The calculated I-index was only 0.08.
In the case of coal the measured activity concentrations were almost 4 times lower than in case of originated ashes except the fluidized type where the measured activity concentrations were similar. This anomaly can be explained with various quality and origin of burned coal.
The average radionuclide content of the bottom ash was approximately 3 times higher than examined coal sample ( 226 Ra = 144 ± 18 Bq kg -1 , 232 Th = 84 ± 14 Bq kg -1 , 40 K = 260 ± 25 Bq kg -1 ). The calculated I-index was 0.99 which barely reached the recommended 1.0 index value.
In case of the fractionized samples it was found that the radionuclide content ( 226 Ra, 232 Th and 40 K) under 0.1 mm was 45 % higher than above 1.6 mm grain size. The calculated I-index varied between 0.78-1.12. Due to that fact it can be stated that the rate of radioisotope enrichment in the case of bottom ash was significant under 0.5 mm grain size. However, the average I-index of examined bottom ash was barely under 1.0 I-index value in case of grain size under 0.25 mm the obtained index values (between 0,1-0,25 mm and under 0.1mm were 1.06 and 1.12 ) were higher than the recommended value.
Owing to this after fractionation the higher grain size above 0.5 mm can be reused with lower gamma dose rate compared with the original bottom ash or higher amount of mixing can be applicable in case of building material production to ensure 1.0 I-index of final product.
Radon exhalation and emanation features
The obtained massic exhalation rates are illustrated in It was found that not only the 226 Ra content was responsible for elevated massic exhalation rates. The emanation factor had also cardinal role on exhalation. In case of gypsum the highest emanation factor was found. Despite of relatively low 226 Ra content the massic exhalation rate of the gypsum was the second among the investigated by-products.
In case of fly-ashes and slurry ash the measured exhalation rates were almost zero. It can be caused because of the applied high burning temperature used in thermal power plant. In the case of the fractionated bottom ash -as it was expected -the massic exhalation rate was the highest in the low range of grain size. It means that the radon exhalation has inverse relationship with grain size.
The massic radon exhalation rate from fly-ash, bottom-ash, fluidized bed bottom-ash, gypsum, and slurry-type ash are of prime importance for the estimation of radiation risk when we use this materials as additive during building materials production.
CONCLUSION
In recent years fly-ash, bottom-ash, fluidized bed bottom-ash, gypsum, slurry-type ash have found diversified applications in construction materials, so it is important the screening of by-products according to BSS and gather information about the radon exhalation rates. However, in case of building materials the exhalation rate of certain products greatly depends on the geometry and the internal structure parameters the survey of massic radon exhalation rate of porous materials (raw, additive materials, industrial byproducts) can be used rather for comparison and characterization of them. Owing to this method fast information can be obtained also about emanation coefficient, which has strong correlation with internal structure features.
The obtained results clearly proves that in case of low grain size (<0.5 mm) the accumulation of investigated radionuclides were more significant than in case of higher grain size. The calculated I-index of the surveyed samples proved that under <0.5 mm the I-indexes were higher than the BSS recommended 1.0 limit. In case of reuse the fractionation can be a useful possibility to reduce the risk originated from radiation exposure.
Thus, the concentration of natural radionuclides in fly-ash, bottom-ash, fluidized bed bottom-ash, gypsum, and slurry-type ash used as additives in building materials should be monitored carefully as well to avoid elevated radiological risk.
Due to the obtained results it can be stated that the Iindex is not enough to characterize the building materials because the risk originated from exhaled radon can be significantly higher despite of relatively low Ra-226 content of porous materials. 
